332 Treatment assignment

Run In: On identification of eligibility, the patient entered a run-in phase. During this time the patient
was to receive 2.5mg once daily of active ramipril for 7-10 days foliowed, after 2 blood test, by
placebo ramipril for 10-14 days. This phase was single blind and was conducted to exclude patients
who were unable to tolerate an ACE-| or who were non-compliant. -

Rand mization: Once identified as eligible, the centre would contact the central randomization
service. On confirmation that the patient was eligible they were provided with a 4-digit randomization
number (last four digits of the patient ID#). The HOPE study medication kit bearing the randomization
number was then given to the patient.

As a result of the two by two factorial design, randomization allocation was done in blocks of 8 and
stratified per centre to ensure equal randomization into each of the four cells. For those patients in the
SECURE substudy, a three by two factorial design was used. Therefore randomization allocation was
done in biocks of 12 and again stratified by centre. : -

3.3.3 Packaging, labeling, storage and drug destruction

Ramipril: Hoechst Marion Roussel! provided the ramipril 2.5mg, 5.0mg and 10.0 mg capsules or
tablets and matching placebo. Tablets were used in Europe to comply with appraved formulations.
Bio-equivalence between the two formulations (capsules and tablets) has been previously
demonstrated .

Vitamin E: The Natural Source Vitamin E Association provided d-alpha tocopheryl acetate and
matching placebo, which was encapsulated by Banner Pharmacaps.

3.3.4 Unblinding

The randomization schedule was stored in the HOPE Project Office in Canada. Central as well as
local emergency unblinding was avaifable. Unblinding was only recommended when absolutely
necessary in the judgment of the patient's physician. Prior to unblinding, the centre was asked to call
the Canadian Project office. Central as well as local (separate sealed envelopes for ramipril and
vitamin E arms) unblinding was provided. '

3.3.5 Medication compliance

The investigator or deiegate at each centre was responsible for ensuring that the patient received a

further supply of study medication at each study visit. Centres were encouraged to maintain patients

on study medication throughout the study unless the patients clinical condition indicated otherwise. If

~ patients had been withdrawn from treatment for tolerance problems study medication was re-
introduced if and when possible. ‘ '

75% compliance was recorded for each treatment at each visit. This was measured using pre-printed
gradations on the side of each medication bottle.

If a lower drug dose of Ramipril was believed to be likely to increase adherence, the dosage could be

reduced temporarily. Only in cases of extreme adverse reactions was the study medication
withdrawn. If the drug was stopped, every attempt was made to restart it if medically appropriate.

3.3.6 Patient history at study entry

Relevant cardiovascular and medical conditions along with current medications were recorded at
entry to the study. Medications were recorded again at the 2-year and penultimate visit.
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3.4 Study procedures and schedule

Patients first participated in a run-in phase to determine eligibility. This involved an initial visit and
subsequent follow-up blood work. Patients returned approximately 3 weeks later and eligibility for
randomization was assessed. if eligible, patients were randomized and follow-up visits occurred at
one month and six months and every six months thereafter. Assessments carried out at each of these
visits are shown in Figure 1..

3.5 Data collection
3.51 Method of data collection

At the outset of the study investigators received appropriate study case report forms all containing a
unique barcode for that page and visit. Investigators completed the case report forms and faxed these
centrally to the Project Office. The Investigator then kept the original case report form and made any
subsequent corrections or additions to this form only, and refaxed the page. -

The system used for data cotiection was the DataFax® software. This software allows for electronic
receipt of faxed case report forms. The software then scans the images and uses image character
recognition to enter numbers and “checks” directly into the database. The barcode found at the top of
each form allows the software to correctly assign the page in the database. An image of this scanned
data is then verified against the electronically held faxed form by data entry staff. In addition, text
fields are entered at this time. This software also allows for routine monitoring of patient schedules,
recruitment rates and medication re-ordering. The DataFax system (a commercially available
product) provides substantial gains in accuracy and speed of data coliection and is an excellent
clinical trial management system for large studies. This software has been used by both academic
and industrial clients and has been used for 2 successful NDA applications with the FDA.

All investigators were provided with written guidelines on form completion and use of DataFax. To
facilitate form completion and ensure data quality, regiona! variations (in text only) occurred on some
case report forms. It should be noted that the data collected from each region was identical.

3.5.2 Information collected

3.5.21 Clinical Data

At each visit a routine clinicél examination was camied out, the results of which were recorded on the
relevant page of the case report form. A summary of the information collected and frequency with
whirh it was collected is provided below:

Variable ~ | Method Obtained . When Collected
Blood Pressure 2 measurements on each arm: avg of | Baseline, 2 yrs and end of study
lowest measurement from each arm

Ankle Blood Pressure | Avg of 2 measurements on one leg Baseline, 2 yrs and end of study

Heart Rate Measured for 30 secs in supine ‘ Baseline, 2 yrs and end of study

Waist Measurement Narrowest part of waist Baseline

Hip Measurement . | Widest part of hips ' Baseline

Weight Measured Baseline, 2 yrs and end of study

Height Measured Baseline, 2 yrs and end of study

Medication Usage Patient report Baseline, 2 yrs and end of study

ECG Measured Baseline, 2 yrs and end of study

. {copy sent to the Project Office

each time, but not read centrally)
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Relevant history and event details were also recorded at each visit and are summarized below:

_Variable

ﬂethod Obtained

When Collected

Compliance

Patient report and pill review

At every six month visit

Use of open label ACE-I

Patient report

At every six month visit

Use of A2 antagonist Patient report At every six month visit from
. _ 27yr visit on
L.aser therapy for diabetic Patient report At every six month visit
retinopathy -
Transient ischemic Attack Patient report At every six month visit {note
this may also be coliected on
_ hospitalization report) -
Congestive Heart Failure Patient report At every six month visit (note
this may also be collected on
| hospitalization report)
Renal Dialysis Patient repont At every six month visit (note

this may also be collected on
hospitalization report

The table below summarizes the schedule by which outcome data were collected:

Cardiovascular Death*=

| Variable { When and How Coliected
Primary OQutcome -
Mi*=
Strokez At each six month follow-up visit an specific event reports

Secondary Outcomes

Revascularization Procedures=

Hospitalization for Anginaz

Hospitalization for CHF ‘=

Cancer

At each six month follow-up visit

grading of angina of effort

Total Mortality*= :

Overt Nephropathy * For diabetic patients: If annuaf dipstick is pasitive or if central
sample (baseline, 1 yr, end of study) albumin:creatinine ratio is
>36 mg/mmol.
For non-diabetic patients: If baseline or end of study urine
sample albumin:creatinine ration is > 36mg/mmol.

Other Outcomes ] )

Heart Failure At each six month follow-up visit by patient report

Cardiac Arrest At each six month follow-up visit on hospitalization report

Worsening Angina At each six month follow-up visit by patient report . Worsening

of one class according to Canadian Cardiovascular Societies’

New diagnosis of diabetes

Annually and at end of study

*specific event forms collected
= centrally adjudicated events

3.5.2.2 Laboratory Data

The following laboraiory assessments were completed at the times specified:
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Assessment Visits Patient Group
Local Serumn Creatinine Pre-randomization All patients
1 month All patients
_ _ Annually Patients with diabetes
Local Serum Potassium Pre-randomization All patients
1 month All patients
Local Glycated Hb Pre-randomization Patients with diabetes
_Annually Patients with diabetes
Local urine dipstick to screen Run-In All patients
for overt nephropathy Annually Patients with diabetes
Urine sample sent centrally Randomization All patients
(for assay of atbumin and 1 year Patients with diabetes
creatinine) End of Study All patients.
24 Hour urine sample local Throughout study when central All patients
sample albumin:creatinine ratio > :
36 mg/mmol or dipstick was
positive ,
Biood sample sent centrally Randomization Only in those patients who
CANADA ONLY congented and those centres
who were able to comply with
reguirements for blood collection

3.5.2.3 Safety Data

ACE-|l have been used extensively in clinical practice in the last decade. Data from 3 large long-term
trials, involving aver 8,000 high risk patients treated with enalapril (SOLVD)®® or captopril (SAVE)®
compared with placebo, over about 3.5 years, indicates substantial safety. In SOLVD, there were
only two instances of severe angioneurotic edema among 7,400 patients (both were detected during
the run-in phase), and only a few patients with hyperkalemia (4%} elevated creatinine (3%), dizziness
(7%} or cough (6%). Most of these effects were mild and did not require stopping the study drug; the

.excess in the percentage of patients stopping medications for side effects was only 4.8% in SOLVD.
Ramipril is an ACE-I with greater tissue specificity than enalaprit or captopril and can achieve ACE-
inhibition at relatively low doses. Data from controlled trials of Ramipril involving over 4,000 patients
indicate that side-effects are few (discontinuations for cough was 1%, for dizziness 0.5% and
impotence 0.4%). ¥ Ramipril has been registered for use in 24 countries, including Canada and the_
u.s. ‘

Streamlined adverse event reporting procedures were employed because of the vast amount of
safety information already available tor ACE- and in particular ramipril. Information regarding
temporary or permanent withdrawal of study rmedication or dose reduction was collected at each visit.
The medical management of adverse reactions was at the discretion of the patient's physician, and
depended on the severity of the adverse reaction and the clinical setting in which it occurred. Minor
adverse events were not reported to requlatory agencies. '

Serious adverse event reporting procedures were also modified. Deaths, primary endpoints and
secondary endpoints were all expected in the study. Only those events, which in the view of the
investigator were unexpected, serious and believed to be associated with the study treatments, were
reported. Reporting was done by completion of a Serious Adverse Experience (SAE) Form. Periodic
(unblinded) tabulation of adverse events by study group were provided to the independent Data and -
Safety Monitoring Board and these data would have been shared with the regulatory authorities if
necessary. Routinely however, regulatory authorities were kept informed about the progress of the
study.
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3.6 Withdrawal and replacement procedures

Since this was an intention to treat study there was no withdrawal from follow up. Patients who
discontinued study medication continued to be followed up at the intervals specified in the protocol.
All patients withdrawn from study medication were included in the analysis. It was not mandatory to-
withdraw patients from treatment if the code was broken. -

3.7 Quality assurance and quality control

Use of the DataFax software permitted immediate identification of data omissions and
inconsistencies. Regular summaries (quality control reports) of the outstanding data queries (quality
control notes) were compiled and faxed to centres on an ongoing basis throughout the study.

Checks for consistencies within and between forms were run weekly on all data. .
3.71 - Standardization procedures

Data was collected centrally at the Canadian Cardiovascular Collaberation (CCC) Project Office in
Hamilton, Canada. All data checks were appiied consistently according to Project Office standard
operating procedures and data validation plans.

For logistical reasons there were four laboratories that performed the centra! urinary albumin and
creatinine in the various geographical areas. Relizbility studies were undertaken to ensure
consistency across tabs. '

For all local {aboratory assessments of creatinine, potassiurmn and glycated Hb the upper limits of
normal was collected for each measurement and recorded on the case report form. All of the local
laboratories used the local and national guidelines applicable to ensure adequate quality control and
standards.

3.7.2 Data quality assurance

Various measures were taken during the study to maintain high quality data. These are summarized
below. :

3.7.2.1 Training of study personnel

All Project Office staff, monitors and individual centre staff underwent appropriate training sessions
prior to study commencement, and on an ongoing basis to ensure uniformity in study procedures and
to address any issues. A detailed outline of each step of the protocol was provided to centres.

Project Office staff were available to answer questions or to assist with operational issues. Further, a
toli-free assistance number was aiso available to resolve procedural problems. Investigators and
study staff were informed of study status and procedural issues at regular intervals. Various methods
were used to disseminate this information including study meetings, newsletters and correspondence.

3.7.2.2 Data collection and correction

After forms were completed and faxed, centres would receive feedback within 14 days. Centres were
then informed about missing visits, missing variables or inconsistent data via the DataFax quality
control {QC) system. This system allowed for easy compilation of ali quality control notes (QC notes)
that had been placed on reccrds at the time of data validation. The summary of all outstanding QC
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notes was sent to the centres via fax as a QC report at regular intervals (usually every two weeks).
Procedures for applying and resolving data queries are shown in the data validation plan.

3.7.2.3 Event adjudication procedures

To ensure that a consistent set of definitions for endpoints were applied, a select committee reviewed
all pii- nary and secondary endpoints. Definitions for each primary and secondary endpoint can be
found as a supplement to this_ document.

When a patient had either a primary or secondary endpoint occur, the centre first was asked to
complete and fax all relevant event reports. Concurrently they were asked to collect supporting
documentation for each endpoint {with relevant translations) and send this to the Project Office. Once
all relevant information was received, the event was assigned to an adjudicator. If there was
disagreement between committee member and investigator the event was then sent to the committee
chair for final decision. Only certain committee members were permitted to adjudicate deaths. All
outcomes of the adjudication process were entered into the Event Adjudication database.

As a check on the adjudication process, a blinded committee member reviewed 10% of those events
confirmed by an adjudicator. The results of this intemal quality check indicated there was a high
degree of consistency between adjudicators. The results of this quality check were presented to the
Steering Committee. '

©3.7.3 Monitoring and auditing

Monitoring resource varied between countries. Use of the DataFax system and local regional
coordinators together with the depth of knowledge of ramipril, permitted an adapted frequency of
monitoring. We were able to target monitoring visits to those centres where specific problems were
identified. Because of the rapid receipt of data, problems were quickly identified, enabling a response
before the problems were perpetuated.

Monitors were not required to do usual case report form checking collection because of the data
management system used. Therefore at the monitoring visits they were able to focus on issues such
as recruitment, provision of supporting data for endpoints and longstanding or extensive data queries.
in addition the following key data points were verified {above and beyond what was requested by
protocol} against source data:

Variable ' Region Type of Verification
Informed consent (baseline and North America Sent centrally to Project Office
extension)
Europe & Latin Verified locally at each centre
N America
Main reason for study entry All regions Verified locally at each centre
Verification of primary and secondary All regions Verified centrally
endpoints
Verification of absence of events — All regions Verified locally
10% of patients for whom no event
reported (to check for underreporting)

Independent auditing was conducted by HMR clinical quality assurance.




4.0 PRIMARY, SECONDARY AND OTHER OQUTCOMES

The primary study outcome was the composite outcome of myocardial infarction, stroke, or death
from cardiovascular causes. Each of these outcomes was also analyzed separately. Secondary
outcomes were death from any cause, the need for revascularization, hospitalization for unstable
angina or heart failure, and complications related to diabetes (whether or not hospitalization was
required). Other outcomes were worsening angina, cardiac arrest, heart failure (whether or not
hospitalization was required), unstable angina with electrocardiographic changes, and the
development of diabetes. These outcomes are provided as a supplement to this briefing document.

4.1 Important subgroups

The effects of each intervention in the following sub-groups were examined for consistency; patients
with coronary disease, with cerebrovascular or peripheral arterial diseases, with diabetes, with
hypertension; men or women; and by age group. One further important substudy was MICROHOPE
(Microalbuminuria In Cardiac and Renal Outcomes in the HOPE study)*’ which examines the
development and progression of microalbuminuria to overt nephropathy in patients with diabetes.

In addition, the effect of treatment among patients with a documented ejection fraction of at least
0.40 was coliected retrospectively and analyzed (patient was excluded if they had a known ejection
fraction of less than 0.40 at baseline).

4.2 Safety variables

The pre-specified outcomes are not included as safety variabies. Reasons for the permanent
withdrawal of study medication were analyzed. In addition any serious adverse events meeting the
protocol criteria will be described in detail.

4.3 Statistical methods

The study was originally designed to follow participants for a mean of 3.5 years. However, before the
end of this period, the steering committee (whose members were unaware of any of the results)
recommended increasing the duration of foliow-up to five years to account for the impact of a possible
time lag before treatment had its full effect Assuming an event rate of 4 percent per year for five
years, we calculated that 8000 patients would be required for the study to have 80 percent power to
detect a 13.5 percent reduction in the relative risk with a two-sided alpha level of 0.05 and with data
analyzed.on an intention-to-treat basis. Survival curves were estimated according to the Kaplan-Meier
procedure, and treatments were compared with use of the log-rank test. Because of the factorial
design, al! analyses were siratified for the randomization to vitamin E or placebo. Subgroup analyses
were conducted with the use of tests for interactions in the Cox regression modet. This model was
used to estimate the effects of treatment after stratification for randomization to vitamin E or its
placebo.

All primary and secondary outcome analyses include ali patients randomized since the ongmal
statistical plan called for an intention to treat analysus only.

The Cox model was also be used for treatment effect estimates that were adjusted for baseline-
prognostic imbalances. All analyses were carried out using SAS for Unix 6.12.

5.0 DATA AND SAFETY MONITORING BOARD PROCEDURES AND INTERIM ANALYSES

An independent Data and Safety Monitoring Board (DSMB) monitored the progress of all aspects of
the study. Four formal interim analyses were planned originally. Because of the study extension the
DSMB met 6 times (1 initial meeting, 4 intefim analyses and one final meeting) during the study . The
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meeting dates were as follows: 23" September 1994, 17" October 1995, 27" September 1996, 8%
November 1997, 19" November 1998 and 22" March 1999The statistical monitoring boundary
indicating that ramipril had a beneficial effect was a difference in the primary outcome of 4 standard
deviations (SD) between groups during the first half of the study and of 3 SD during the second half.
‘The respective boundaries indicating that ramipril may have had a harmful effect were 3 SD and 2
SD. On March 22, 1999, the monitoring board recommended termination of the study because of the
clear evidence of a beneficial effect of ramipril (consistent crossing of the monitoring boundaries in
two consecutive reviews). At that time, the data showed a 20 percent reduction in the relative risk of
the primary outcome (95 percent confidence interval, 12 percent to 28 percent; z siatistic, -4.5;
P<0.001). The results of the study were disclosed to the investigators at two meetings held on April
17 and April 24, 1999. The cutoff date for all events included in the main analysis is April 15 1999.

6.0 RESULTS - STUDY SUBJECTS AND CONDUCT
6.1 Subject accounting

Patients were recruited from December 1993 to August 1995 at 128 centers in Canada, 27 centers in
the United States, 76 centers in 14 western European countries, 30 centers in Argentina and Brazil,
and 5 centers in Mexico. Randomization from each area is summarised in Table 1.

10710 patients were screened for the study of which 134 were not eligible for the run-in period.
Reasons for ineligibility for run-in were protein >1+ (96, 0.8%), current use of open labet ACE (25,
0.2%) with the inability to discontinue, current use of vitamin E (7 ,0.1%) with the inability to
discontinue use and a combination of the above mentioned reasons {6, 0.1%). A total of 10,578
eligible patients participated in a run-in phase in which they received 2.5 mg of ramipril orally once
daily for 7 to 10 days followed by matching placebo for 10 to 14 days (also listed in Table 1}. A total of
1035 patients were subsequently axcluded from randomization. The most common reasons for not
continuing in the study were non-compliance and withdrawat of consent. Other reasons included side
effects, abnormal serum creatinine or potassium levels, discovery that patients was already receiving
ACE inhibitor or vitamin E treatment with the inability to discontinue use {Table 2).

Of the 9541 remaining patients, 4645 were randomly assigned to receive 10 mg of ramiprii per day,
4552 were randomly assigned to receive matching placebo, and 244 were randomly assigned to
receive a low dose (2.5 mg per day) of ramipril as shown in the table below.

Ramipril 10 mg | Ramipni Placebo | Subtotal | Ramiprit 2.5 mg Total
Vitamin £ 2326 2311 4637 — 124 - | 4761
 Vitamin E 2319 2341 4660 120 4780
Placebo
TOTAL 4545 4652 9297 244 9541

6.2 Protocol deviations and operational Issues

The only deviations detected from the protocol were considered of little significance by the Steering
Committee, to the outcome of the study. Adherence to the protocol was monitared throughout the
study by review of data received and some on site monitoring and any issues arising were resolved
as they appeared. Specific points of note are: all patients met the eligibility criteria with the small
exception of nine patients who were less than 55 years of age at r_ndomization:
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Patient Age |CALLDATE DOB
0053571 54 | 6-May-94 31-Mar40
5111466 | 46 |20-Sep-94 8-Jan-48 —
6142593 | 54 |29-Mar-95 2-May-40
6142596 54 | 29-Mar-95 7-Apr-40
8595113 | 52 | 26-Apr-95 17-May-42
'B775242 48 |24-May-95 10-Aug-46
8775244 | 46 |24-May-95 31-Dec-48
8815305 | 54 |22-Feb-95 7-Jun-40
8815309 | 54 |22-Feb-95 27-Dec-40

Randomization of patients occurred centrally in all regions. In 85 cases the centrally provided
randomization number was accidentally not used. 21 of these cases received the correct treatment
allocation by chance and did not require re-randomization. In the remaining cases the patient was re-
allocated to the correct treatment without the blinding being broken (Table 3A). Although it was
unlikely that these errors were caused by local bias, the protocol mandated that randomization could
only be performed through a central process. Patients were therefore retumed to the centrally
allocated treatment with the minimum of delay. Because of the rapid detection and correction in each
case there was a minimal time lag until the patients received the correct allocation. Although it is
anticipated that this would have had a negligible effect on study outcome, if such an effect did exist it
would result in an underestimate in treatment effect

The unblinding envelopes provided for use in emergencies at the site were opened in 16 cases
(Table 38). The most common reason for unblinding was hypotension. In the majority of cases the
patient was not given the treatment code and only the investigator was unblinded. Note that all
centers were provided with a list of ramipril/placebo treatment allocations on request after the
database was closed at the end of the study. Since the vitamin E arm of the study is continuing the
unblinding information for this arm of the study has not been provided to centres.

The recruitment strategy for this study was to include patients perceived as high risk and the inclusion
criteria were seen as a practical guide to investigators to allow them to accomplish this. in 16 cases

~ investigators included patients they considered to be at ‘high risk’ despite the fact that they were
unable to capture the risk profile on the case report form . The majority of these cases were prior
surgery for abdominal aortic aneurysm and were considered high risk by the investigator because of
relevant past medical history or existing concomitant.conditions or treatment at the time of entry to the
study.

6.3 Administration of study medication

Patients were randomized to ramipril (2.5 mg once daily for 1 week then 5 mg once daily for 3 weeks
then 10 mg once daily) or placebo and vitamin E 400 iU once daily or placebo utilizinga 2 X 2
“factorial* designThe relevant HOPE Study Medication Kit with the correct randomization number was
given to the patient. The option existed for the patient to decrease the dose of ramipril during the
study if required. Where patients required open label ACE inhibitor according to the discretion of the
treating physician they were encouraged to stop their blinded study medication. :
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6.3.1 Visit compliance

Patients were encouraged to return to visits whenever possible, but follow-up information could also
be obtained by telephone or third party. The number of patients for whom information on vital status
was obtained remained high throughout the study, with information on 99.9% of eligible patients being
collected at the final visit. For the purposes of the analyses all patients who returned or for whom
information was collected by phone were counted as compliant. The number and proportion of
patients returning annually is presented in Table 4A. The reasons patients did not return for clinic
visits are listed in Table 4B. Since visit compliance was balanced and high for both groups there are
no visit compliance issues for this study. Despite intensive efforts there were six patients for whom
vital status could not be ascertained at the final visit. A summary of visit compliance for the final study
visit can be found in Table 4C. '

6.3.2 Medication compliance

A noted difficulty with long-term mortality studies is maintenance of study medication compliance.
Measures taken during the study to maintain compliance were clearly effective as can be seen by the
high overall medication compliance (Table 5A). The number and percentage of patients still taking
each of the blinded study medications at each annua! visit is shown in Table SA. and at the final visit
in Table 5B. In addition, those patients who could not tolerate full dose were given the option of taking
a lesser dose (2.5 mg, 5.0mg or 7.5 mg and matching placebo). At the one year visit 120 (2.6
percent) of patients in the ramipril group and 58 (1.3 percent) of patients in the placebo group were
on a reduced dose of study dfug. This had increased slightly by the four year visit with 204 (5.2
percent) of patients in the ramipril group and 107 (2.8 percent) of patients in the placebo group
receiving a reduced dose (Table 5A). It was expected that some of the patient population would
become more ill as the study progressed and may at sometime require the use of an open label ACE-
I, which would dilute the effect of treatment. Table 5C shows the number of patients in each group
who received open label ACE-l. Note that the difference between the total number of patients taking
ACE-l and the number of patients in the placebo group who received an active ACE-| is known as the
“contrast” between the two groups. Itis important to maintain high contrast in any study, as this is the
only way of testing the true difference between the treatments. The contrast at the end of the study
was 66.6%, indicating the results presented below are probably an underestimate of the true effect of
ramipril.

Reasons for discontinuation of study medication are discussed in the safety section below.

6.4 Demographics and baseline characteristics

As intended a high risk population was recruited to this study. Tables 6A, 6B anc 6C demonstrate the
high risk profile of the complete population and the subgroups.

The overall baseline characteristics of the 9297 patients who underwent randomization are shown in
Table 6D. The number of patients in each of the important subgroups is shown below. There were
2480 women, 5128 patients who were at least 65 years old, 8162 who had cardiovascular disease,
4355 who had hypertension, and 3577 who had diabetes. Thefe were no obvious differences in
baseline characteristics between the treatment groups and the baseline characteristics in the major
subgroups of CAD and patients with diabetes are shown in Tables 6E and 6F to exemplify this.

6.5 Concomitant medication

HOPE study medication was taken in addition to required drug treatment. Table 7 (A, B, C) shows
concomitant medication at randomization, 2 years and penultimate study visit. The groups were
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balanced at baseline. It is important to note that all of the efficacy data presented in section 7 below
shown an effect of ramipril, which is in addition to this standard therapy.

6.6 Physical exam and local iaboratory determinations

The results of the physical exam and local ab measurements for baseline,. 1 month, 2 year and
penultimate visits are shown in Tables BA, 8, C and D respectively. Again the groups are evenly
matched on all of these variables. From the table it is evident that the patient population had well
conirolied blood pressure. Some of the derived parameters such as waist to hip ratio and body mass
index are slightly higher than normal, which would be expected in this high-risk group.

The results of ECG measurements are shown in Table 9. As expected, approximately 2/3 of the
subjects had an abnormal ECG at baseline.

Table 10A shows the number of patients with an abnormal albumin to creatinine ratio (2 2.0). There is
no difference in the incidence of abnormal ratios between the groups at baseline.

7.0 RESULTS - EFFICACY

Vital status was ascertained for 9535 patients (99.9 percent) at study end. All events occurring up to
and including April 15, 1999 are included in these analyses. The results of this study have been
published 2 and the NEJM made the unusual step of releasing the paper electronically ahead of its
publication date because of the potential therapeutic implications of the results. in addition the results
of the study in the diabetic population have also been published separately ' As might be expected
the collection of outstanding data, resolution of outstanding queries and additional data validation has
continued beyond the preparation of the paper and for that reason the numbers presented in this
section may differ slightly from those in the publication. In no aspects are any of these differences
significant but it was felt appropriate to present the most up to date data known in this report.

7.1 Analyses of primary efficacy variable

There was significant benefit in the ramipril group when the composite primary outcome of myocardial
infarction, stroke or cardiovascular death was examined: a total of 651 patients in the ramipril group
(14.0 percent) died of cardiovascular causes or had a myocardial infarction or stroke, as compared
with 826 patients in the placebo group (17.8 percent; refative risk, 0.78; 85 percent confidence
interval, 0.70 to 0.86; P<0.001) (Table 11A and Figure 2). As can be seen from the survival curve
(Figure 2) the reduction in.risk of the composite outcome with ramipril therapy was apparent as early .
as one year after randomization (169 patients in the ramipril group reached the outcome compared to
198 in the placebo group; relative risk 0.85; 95% confidence interval 0.70 to 1.05). This reduction was
significant at two years (326 versus 398 patients, relative risk 0.82; 95 percent confidence interval
0.70 to 0.94). The results are consistent for events as reported by centre (i.e. prior to adjudication)
(Table 118), and with the inclusion of the 244 patients on low dose {2.5mg) in the active ramipril
group (Table 11C). : ‘ - o

In addition to the effect on the compasite primary outcome there were significant reductions in risk
when each component of this endpoint was examined separately (Table 11A and Figures 3,4,5): 2682
(6.1 percent) patients in the ramipril group died of cardiovascular causes, as compared with 377 {8.1
percent) patients in the placebo group {relative risk, 0.74; 95 percent confidence interval, 0.64 to 0.87,
P<0.001); 459 (9.8 percent) patients in the ramipril group had a myocardial infarction, as compared
with 570 (12.3 percent) patients in the placebo group {relative risk, 0.80; 95 percent confidence
interval, 0.70 to 0.90; P<0.001); and 156 (3.4 percent) patients in the ramipril group had a stroke, as
compared with 226 (4.9 percent) patients in the placebo group {relative risk, 0.68, 95 percent
confidence interval, 0.56 to 0.84; P<0.001). The risk of death from any cause was also significantly
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reduced by treatment with ramipri (relative risk, 0.84; 95 percent confidence interval, 0.75 to 0.95;
P=0.0053).

As can be seen in Table 12 the event rates for those taking active ramipril together with active vitamin
E and for those taking active ramipril but assigned vitamin E placebo were very similar. Treatment

_ with ramipril reduced the risk of the primary outcome among patients who were receiving vitamin E
(338 patients who received both agents reached the end point, as compared with 421 patients who
received only vitamin E; relative risk, 0.79; P=0.001} or its placebo (313 patients who received
ramipril and the vitamin £ placebo reached the end point, as compared with 405 patients who
received the vitamin E placebo alone; relative risk, 0.77; P<0.001; P=0.81 for the test of heterogensity
of two relative risk s).

Although the primary outcome demonstrated considerable benefit, it is important to examine the
effect on each of the individual components of the composite o ensure there is consistency. As can
be seen in Table 13 there was significant benefit of ramipril on the individual outcome of MI. Event
rates categorized by type of Ml further support the outcome as relative risk reductions all trend
towards a beneficial effect of ramipril. The same supportive trends can be seen with respect to the
data on strokes. Again significant benefit of ramipril was seen for the individua! outcome of stroke.

Table 14A illustrates the benefits seen in each type of stroke. In addition, Table 14B demonstrates
the effects by resulting functiona! disability. Again benefit is seen consistently regardiess of whether
there are residual functional deficits or if the stroke resulted in fatality. Referring back to Table 11 and
Figure 6, there is again a statistically significant effect on the outcome of cardiovascular death. As
one would expect, there is no effect on non-cardiovascular death.

Although ejection fractions were not requested at randomization, patients were excluded if they had a
known ejection fraction of <0.40 or clinical heart failure. At the end of the study centres were asked to
report if the patient has ever had their ejection fraction determined. This retrospective chart review
found that 5196 patients had a documnented ejection fraction (either before or after randomization).
242 (4.7 %) patients had a low ejection fraction before randomization. As further support to the
primary outcome, a separate analysis of the primary outcome was performed for those patients with
known preserved ventricular function (either before or after randomization). The treatment was clearly
beneficial in this subgroup of 4775 patients with a relative risk, 0.73; 95 percent confidence intervai,
0.63 to 0.84; P<0.001 (Table 15).

7.2 Analyses of secondary efficacy variables

The effect of ramipril on the incidence of secondary outcomes is shown in Tabie 16A. Significantly
fewer patients in the ramipril group than in the placebo group underwent revascularization (743 (16.0
percent) vs. 854 (18.4 percent); relative risk, 0.85; P=0.0014), and there was a trend toward fewer
hospitalizations for heart failure in the ramipril group (141 (3.2 percent) vs. 161 (3.5 percent); relative
risk, 0.87: P=0.22) (Table 16). In addition, significantly fewer patients in the ramiprii group than in the
placebo group had a cardiac arest (37 {0.8 percent) vs. 59 (1 .3 percent); relative risk, 0.62; P=0.02},
worsening angina {1107 (23.8 percent) vs. 1222 (26.3 percent), relative risk, 0.88; P=0.003), heart
failure (417 (9.0 percent) vs. 534 (11.5 percent); relative risk, 0.77; P<0.001), a new diagnosis of
diabetes (102 (3.6 percent) vs. 155 (5.4 percent)(Figure 6), relative risk, 0.66; P<0.001), or
complications related to diabetes (303 (6.5 percent) vs. 356 (7.7 percent); relative risk, 0.85;
P=0.038). However, treatment with ramipril had no effect on the likelihood of hospitalization for
unstable angina.

Significantly fewer patients in the ramipril treatment group experienced heart failure and this was
reflected in the reduced number of patients being withdrawn from study medication to receive open
label ACE | treatment in the ramipril group (Table 17A). This effect was consistently seen in patients
hospitalized for heart failure, in heart failure death and in cardiovascular death attributed to heart

failure (Table 17A).
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The percentage of patients who were receiving non-study angiotensin-converting-enzyme in..ibitors
for heart failure was 240 (5.2 percent) in the ramipril group and 327 (7.0 percent) in the placebo
group; 59 (1.3 percent) and 60 (1.3 percent,) respectively, were receiving such drugs because of
proteinuria, and 222 (4.8 percent) and 301 (6.5 percent) for control of hypertension (Table 17B). The
use of open-label angiotensin li-receptor antagonists in both groups was low (68 (1.6 percent) in the
ramipril group and 79 (1.9 percent) in the placebo group (Table 7C), but the reasons for such use
were similar to those for angiotensin-converting-enzyme inhibitors.

As noted above significantly fewer patients in the ramipril treatment group underwcai
revascularization and this effect was consistent for any type of cardiovascular revascu larization
{Table 18).

The survival curve for the combined endpoint of all relevant outcomes (primary outcome +
revascularization + all heart failure) is shown in Figure 7A. 1357 patients in the ramipril group
experienced the composite of these endpoints compared to 16 patients in the placebo group (relative
risk, 0.81; 95 percent confidence interval 0.75 to 0.87; P<0.001). A similar outcome can be noted for
the composite of cardiovascular death and hospitalization for heart failure {Figure 78B).

In addition, treatment with ramipril had a protective effect on the development of overt nephropathy.
In the ramipril group 144 (3.1 percent) patients developed overt nephropathy compared to 185(4.0
percent} in the placebo group (relative risk of 0.78; 95 percent confidence interval 0.63 to 097, P
=0.027) (Table 19, Figure 8). Although not every patient was able to compiete a 24-hour urine
sample, the majority did and the results in this group are identical to the overall results. The
development of new microalbuminuria was also less in the ramipril group (786 (20.7 percent) vs.
847(23.2 percent); relative risk 0.90; P=0.04)(Table 19). '

7.3 Subgroup analyses

The beneficial effect of treatment with ramipril on the composite outcome was consistently observed
among the foilowing predefined subgroups: patients with diabetes and those without diabetes, women
and men, those with evidence of cardiovascular disease and those without such evidence, those
younger than 65 years of age and those 65 years of age or older, those with hypertension at base line
and those without it, and those with microalbuminuria and those without it {Figure 9, Table 20). In
addition, there was a clear benefit of ramipril among patients with evidence of coronary artery disease
at baseline (Table 21) and those with no evidence of it and among those with a history of myocardial
infarction and those with no such history.

PATIENTS WiTH DIABETES

As noted above the risk reductions in the ramipri! group for both the primary and secondary outcomes
were consistent across many sub-groups inctuding the very significant diabetic subgroup randomized
to this study. 38% of the patients randomized to the HOPE study had diabetes at baseline and the
effects of ramipril on the outcomes in this important group are shown in Table 22 and Figure 10. The
effects of ramipril were similar to that seen in the overall group. Specifically the primary outcome, and
it's individual components, the need for revascularizations and all reports of heart failure were
significantly reduced for those patients with diabetes who were taking ramipril. In addition these
effects were seen regardliess of whether patients were on insulin or oral hypoglycemics (Figure 11).
As shown in Table 23, patients with diabetes who took ramipril also had significantly less overt
nephropathy and less progression to microalbuminuria.

EFFECT ON BLOOD PRESSURE

The mean biood pressure at entry was 139/78 mmHg in both groups. The mean blood pressure was
133/76 mm Hg in the ramipril group and 137/78 mmHg in the placebo group at one month, 135/76
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mmHg and 138/78 mmHg, respectively, at two years, and 136/76 mm Hg and 138/77 mm Hg,
respectively, at the end of the study (Table 24). Figures 12 and 13 show the relative risk reductions
by baseline systolic and diastolic blood pressure, subdivided by quartiles. Risk reductions are seen in
each quartile for both systolic and diastolic blood pressures. As noted above the beneficial effects of
ramipril were noted in those with hypertension at base line and those without it. Adjusting the benefit
due to ramipril for change in blood pressure during the tnal the relative risk estimate remained the
same. -

CONCOMITANT MEDICATIONS

Benefits were observed whether or not patients were also taking beta blockers, lipid lowering agents,
aspirin, or a combination of the above (Table 25). The tests for heterogeneity are also listed in Table
25.

8.0 RESULTS SAFETY

Safety data are presented beyond the cut-oﬁ date of 15™ April, whlch was used for the efficacy
analysis

8.1 Serious adverse

When Serious Adverse Event forms were received at the Project Office, they were reviewed within 24
hours for adherence to the protocoi stated definition of a serious adverse event. All serious adverse
event were reviewed by the HOPE Clinical Doctor on call at the Project Office. As noted in the
methods section pre-specified endpoints of the study were not reported as serious adverse events
and only those events that were unexpected, serious and associated were reported as serious
~adverse events. There was only one serious adverse event that met the criteria for expedited
reporting to regulatory authorities. This event was a ruptured esophagus (secondary to excessive
coughing) and was in the ramipril group. The patient (6712700) was hospitalized and underwent
surgery, symptoms abated 2 days after study medication was stopped. Patient was subsequently
discharged without sequelae. The overwhelming majority of reported serious adverse events were
incorrectly identified as such by investigators as these were primary or secondary outcomes.

8.2 Adverse events leading to treatment withdrawal

in addition those adverse events resulting in withdrawal of study medication were recorded in the
case report form. Brief details of reason for treatment withdrawal where this occurred were given on
each follow up visit case report form and are summarized in Table 26. More patients in the ramipril
group than in the placebo group stopped treatment because of cough 340 (7.3 percent) vs. 85 (1.8
percent) or hypotension or dizziness 88(1.9 percent) vs. 70 (1.5 percent). By contrast, more patients
in the placebo group than in the ramipril group stopped treatment because of uncontrolled
hypertension 183 (3.9 percent) vs. 109(2.3 percent) or because of a clinical event — a primary or
secondary outcome (8.9 percent vs. 6.6 percent). In the ramipril group, 16(0.3%) patients stopped
treatment because of angioedema compared to 6(0.1%) in the placebo group.

Unblinded adverse event data were reviewed by the independent data and safety monitoring board
on an ongoing basis. There were no unexpected differences between the groups..

8.3 Laboratory data

RESULTS OF LABORATORY VALUES AT RUN-IN

Serurn creatinine and potassium values at 1 month (Table 8B) show that there was no clinically
relevant change in levels, confirming tolerability of the drug. Lab values measured during the study
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were considered to be part of the efficacy of the study and are therefore discussed in section 6.6 and
i 7.2. -

Exceptionally high potassium or creatinine values occurﬁng at the one month visit were flagged and
referred back to investigator for follow-up.

9.0 DISCUSSION AND OVERALL CONCLUSIONS

Our findings show that ramipril, an angiotensir-converting-enzyme inhibitor, is beneficial in a broad
range of patients who are at high risk for cardiovascular events inciuding patients with and without
diabetes and those without evidence of ieft ventricular systolic dysfunction or heart failure. Treatment
with ramipril reduced the rates of death, myocardial infarction, stroke, coronary revascularization,
cardiac arrest, and heart failure as well as the risk of complications related to diabetes and of the
diagnosis of diabetes itself. ‘

Our findings indicate that the spectrum of patients who would benefit from treatment with an
angiotensin-converting-enzyme inhibitor is quite broad and complements the results of previous
studies of ACE-Inhibitors among patients with low ejection fractions ® or heart failure and acute
myocardial infarction (Table 27 and 28). '® The underlying rationale for our study was that the
inhibition of angiotensin-converting enzyme would prevent events related to ischemia and
atherosclerosis, in addition to those related fo heart failure and left ventricular dysfunction (although
patients with these two conditions were excluded from the study). We therefore included a broad
range of patients with any manifestation of coronary artery disease {e.g., a history of myocardial
infarction orrevascularization, unstable angina, or stable angina), a history of cerebrovascular disease
or peripheral arterial disease, or diabetes and one cardiovascuiar risk factor, and ramipril was

beneficial in all these subgroups.

A total of 3577 patients in our study had diabetes, 111 9 of whom had no clinical manifestations of
cardiovascular disease, and the event rate in this group for those receiving placebo was about half
that in patients with cardiovascular disease who were receiving placebo (8.9 percent vs. 23.9percent).
Nonetheless, overall, treatment with ramipril was beneficial in patients with diabetes.

The magnitude of the benefit of treatment with ramipri! with respect to the primary outcome was at
least as large as that observed with other proven secondary prevention measures, such as treatment
with beta-blockers, Zaspirin, B and lipid-lowering agents, # during four years of treatment. It shouid
be noted that HOPE study medication (ramipril/ptacebo) was in addition to standard therapy. There
were reductions in the rates of revascularization, heart failure, complications related to diabetes, and -
new cases of diabetes. The rapid and sustained response to ramipril and the continuing divergence in
results between the ramipril group and the placebo group indicate that longer-term treatment may

yield even better results. Ramipril was also well tolerated.

The benefits of ramipril were observed among patients who were already taking a number of effective
treatments, such as aspirin, beta-blockers, and fipid-lowering agents, indicating that the inhibition of
angiotensin-converting enzyme offers an additional approach to the prevention of atherothrombotic
complications. Only a small part of the benefit could be attributed to a reduction in blood pressure,
since the majority of patients did not have hypertension at base line (according to conventional
definitions) and the mean reduction in blood pressure with treatment was extremely smali (3/2 mm
Hg). A reduction of 2 mm Hg in diastolic blood pressure might at best account for about 40 percent of
the reduction in the rate of stroke and about one quarter of the reduction in the rate of myocardial
infarction. °However, the results of recent studies, such as the Hypertension Optimal Treatment
Study, **suggest that for high-risk patients (e.g.. those with diabetes}, it may be beneficial to lower
blood pressure even if it is already within the *normal® range. Moreover, a recent reanalysis of 20

' years of blood-pressure data from the Framingham Heart Study 27 suggests that the degree of benefit
expected from a decrease in blood pressure may have been underestimated. Despite these
considerations, it is likely that angiotensin-converting-enzyme inhibitors exert additional direct
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mechanisms on the heart or the vasculature that are important. These may include antagonizing the
direct effects of angiotensin il on vasoconstriction, 2 the proliferation of vascular smooth-muscle
cells, ® and rupture of plaques °; improving vascular endothelial function %, reducing left ventricular
hypertrophy; and enhancing fibrinolysis. %

We also observed a reduction in the incidence of heart failure in patients with no evidence of
impairment of left ventricular systolic dysfunction. These data complement those ofa stuciy of patients
with  fow ejection fraction * and studies of patients after myocardial infarction, (*** %) which
demonstrated that treatment with angictensin-converting-enzyme inhibitors prevents heart failure, and
the studies of patients with documented low ejection fractions and heari failure, which indicated that
angiotensin-converting-enzyme inhibitors reduced the rate of hospitalization for heart failure. *Both
these results and our findings suggest that angiotensin-converting-enzyme inhibitors wiil be beneficial
for patients who are at high risk for heart failure, irrespective of the degree of left ventricular systolic

dysfunction.

We believe that the extent to which our results may have been affected by the inclusion of patients
with undiagnosed low ejection fractions is very small, because a large substudy of 496 consecutive
patients at three centers indicated that only 2.6 percent had an ejection fraction of less than 0.40, and
extensive review of charts identified only 8.2 percent of patients with a low ejection fraction before
randomization, and treatment was clearly beneficial in the subgroup of 4775 patients who were
documented to have preserved ventricular function (relative risk, 0.73; 95 percent confidence interval,
0.63 to 0.84: P<0.001) and in those with no history of myocardial infarction (relative risk, 0.77; 95
percent confidence interval, 0.65 to 0.91; P=0.002).

We observed 2 marked reduction in the incidence of complications related to diabetes and new
cases of diabetes. These effects may be mediated by improved insulin sensitivity, a decrease in
hepatic clearance of insulin, an antiinflammatory effect, improved blood flow to the pancreas, * or an
effect on abdominal fat. * The results are also consistent with the results of the recent Captopril
Prevention Project study, 3 which indicated a lower rate of newly diagnosed diabetes in patients who
were randomly assigned to receive captoprit than in those who were assigned to receive a diuretic or
beta-blocker, and with the results of other trials, which reported that treatment with an angiotensin-
converting-enzyme inhibitor slowed the progression of nephropathy among patients with type Il
diabetes *as well as those without diabetes. >

Ramipril was well tolerated and the only adverse event worthy of note is an excess of cough in the
ramipril group. More patients in the ramipril group than in the placebo group stopped treatment
because of cough (7.3 percent vs. 1.8 percent). There was only one serious adverse event that met
the criteria for expedited reporting to regulatory authorities. This event was a ruptured esophagus
(secondary to excessive coughing) and was in the ramipril group. The patient was hospitalized and
underwent surgery. Symptoms abated and patient was subsequently discharged without sequelae.

Our findings clearly demonstrate that ramipril, a long-acting angiotensin-converting-enzyme inhibitor,
reduces the rates of death, myocardial infarction, stroke, revascularization, cardiac arrest, heart
failure, complications related to diabetes, and new cases of diabetesin a broad spectrum of high-risk
patients. Treating 1000 patients with ramiprit for four years prevents about 150 events in
approximately 70 patients.
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ALTACE® Capsules

(ramipril)

USE IN PREGNANCY

When used in pregnancy during the second and third trimesters, ACE inhibitors can
cause Injury and even death to the devuluping fetus. When pregnancy is detected,
ALTACE® should be discontinued as 500n as possible. See WARNINGS: Fetal/neonatal

morbidity and mortality.

DESCRIPTION

Ramipril is a 2-aza-bicyclo [3.3.0]-octane-3-carboxylic acid derivative, It is a white, crystalline sub-
stance soluble in polar organic solvents and buffered aqueous solutions. Ra.mipn'l melts between
105° C and 112°C. _

The CAS Registry Number is 87333-19-5. Ramipril's chemicai name is (25,325,6a8)-1[(S)-M-[(S)-
1-Carboxy-3-phenylpropyl]alanyl]octahydrocyclopenta [b]pyrrqle-z-carboxylic acid, 1-ethy| ester;

its structural formula is:
4]
1

HC0—~¢c, H HCy M

CH, c ¢ 0
S E YW
NH c
CH; § |
:”I:": COOH
H
H

| Its empiric formula is C23H32N205, and its molecular weight is 416.5.

Ramiprilat, the diacid metabolite of ramipril, is a non-sulthydryl angiotensin converting enzyme
inhibitor. Ramipril is converted to ramiprilat by hepatic cleavage of the ester group.

ALTACE (ramipril} is supplied as hard shell capsuies for oral administration containing 1.25 mg,
2.5 mg, 5 mg, and 10 mg of ramipril. The inactive ingredients present are pregelatinized starch NF,

gelatin, and titanium dioxide. The 1.25 mg capsule sheli contains yellow iron oxide, the 2.5 mg
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blue #1 and FD&C red #40, and the 10 mg capsule shell contains FD&C blue #1.

CLINICAL PHARMACOLOGY

Mechanism of Action

Ramipril and ramiprilat inhibit angiotensin-canverting enzyme (ACE) in human subjects and ani-

mals. ACE is a peptidyl dipeptidase that Catalyzes the conversjon of angiotensin | to-the vasocon-

strictor substance, angiotensin |i. Angiotensin 1) also stimulates aldosterone secretion by the adre-

nal cortex. Inhibition of ACE results in decreased plasma angiotensin II, which leads to decreased

vasopressor activity and to decreased aldosterone secretion, The latter decrease may result in a

small increase‘ of serum potassium. In hypertensive patients with normal renal function treated

with ALTACE alone for up to 56 weeks, approximately 4% of patients during the trial had an abnor-

mally high serum potassium and an increase from baseine greater than 0.75 mEq/L, anid none of

the patients had an abnormaliy iow potassium and-a decrease from baseline greater thaﬁ 0.75

MEQ/L. In the same study, approximately 2% of patients treated with ALTACE and hydrochloroth-

iazide for up to 56 weeks had abnormally high potassium values and an increase from baseline of

0.75_ mEg/L or greater, and approximately 2% had abnormally low valu‘es and decreases from

- baseline of 0.75 mEq/L or greater. {See PRECAUTIONS.) Remova! of angiotensin Il negative feed-
| back on renin secretion ieads to increased plasma renin activity.

The effect of ramipril on hyperténsion appears to result at least in part from inhibition of both tis-

sue and circulating ACE activity, thereby reducing angiotensin i formation in tissue and plasma.

ACE is identical to kininase, an enzyme that degrades bradykinin. Whether increased levels of

bradykinin, a potent vasodepressor peptide, play a role in the therépeutic effects of ALTACE

remains to be elucidated,

While the mechanism through which ALTACE lowers biood pressure is believed to be primarily

| suppression of the renin-angiotensin-aldosterone system, ALTACE has an antihypertensive effect

even in patients with low-renin hypertension. Although ALTACE was antihypertensive in all races

studied, black hypertensive patients (usually a low-renin hypertensive population) had a smaller

dverage response to monotherapy than non-black patients.

Page 2




Following oral administration of ALTACE, peak plasma concentrations of ramipril are reached with-
in one hour. The extent of absorption is at least 50-60% and is not significantly influenced by the
presence of food in the Gl tract, although the rate of absorption is reduced. -

In a trial in which subjects received ALTACE capsules or the contents of identical capsuies dis-
solved in water, dissolved in apple juice, or suspended in upple sauce, serum ramiprilat levels were
essentially unrelated to the use or nonuse of the concomitant liquid or food.

Cleavage of the ester group (primarily in the liver) converts ramipril to its active diacid metabaolite,
ramiprilat. Peak plasma concentrations of ramiprilat are reached 2-4 hours after drug mtake The
serum protem binding of ramipril is about 73% and that of ramiprilat about 56%; in vitro, these
percentages are independent of concentration over the range of 0.01 to 10ug/m!.

Ramipril is almost completely metabolized to ramiprilat, which has about 6 times the ACE inhibitory
activity of ramrpnl and to the diketopiperazine ester, the diketopiperazine acid, and the glucuronides
of ramipril and ramiprilat, all of which are inactive. After oral administration of ramipril, about 60%
of the parent drug and its metabolites is efiminated in the urine, and about 40% is found in the
feces. Drug recovered in the feces may represent both biliary excretion of metabolites and/or unab-
sorbed drug, however the proportion of a dose eliminated by the bile has not been determined. Less
than 2% of the administered dose is recovered in uring as unchanged ramipri.

Blood concentrations of ramipril and ramiprilat increase with increased dose, but are not strictly

' dose-proportior_lal. The 24-hour AUC for ramiprilat, ho_wever. is dose-proportional over the 2._5-20
mg dose range. The absolute bioavailabilities of ramipril and ramiprilat were 28% and 44%, respec-
tivety, when 5 mg of oral ramipril was compared with the same dose of ramipril given intravenously.
Plasma concentrations of ramipriiat decline in a triphasic manner (initial rapid decline, apparent
elimination phase, terminal elimination phase). The initial rapid decline, which: represents distribu-
~ tion of the drug into a large peripheral compartrent and subsequent binding to both plasma and
tissue ACE, has a hali-life of 2-4 hours. Because of its potent binding to ACE and slow dissociation
~ from the enzyme, ramiprilat shows two elimination phases. The apparent elimination phase corre-
sponds to the clearance of free ramiprilat and has a haif-life of 9-18 hours. The terminal elimina-

 tion phase has a prolonged half-life (>50 hours) and probably represents the binding/dissociation Page 3




After multiple daily doses of ramipril 5-10 mg, the haif-life of ramiprilat concentrations within the
therapeutic range was 13-17 hours,
After once-daily dosing, steady-state plasma concentrations of ramiprilat are reached by the fourth
dose. Steady-state concentrations of ramiprilat are somewhat higher than those seen after the first
dose of ALTACE, especially at iuw doses (2.5 mg), but the difference is clinicafly insignificant.
In patients with creatinine clearance less than 40 mi/min/1.73m2, peak levels of ramiprilat are
approximately doubled, and trough ievels may be as much as quintupled. In multiple-dose regi-
mens, the total exposure to ramiprilat (AUC) in these patients is 3-4 times as large as itisin
patients with normal renal function who receive similar doses.
The urinary excretion of ramipril, ramiprilat, and their metabolites is reduced in patients with
impaired renal function. Compared to normai subjects, patients with creatinine clearance less than
40 ml/min/1.73m2 had higher peak and frough ramipn'lat levels and slightly Jonger times to peak
concentrations. (See DOSAGE AND ADMINISTRATION )
In pataents with impaired liver function, the metabolism of ramipril to ramiprilat appears to be
slowed, possibly because of diminished activity of hepatic esterases, and plasma ramipril levels in
these patients are increased about 3-fold. Peak concentrations of ramiprilat in these patients, how-
| ever, are not different from those seen in subjects with normal hepatic function, and the effect of a
given dose on plasma ACE activity does not vary with hepatic function.
Pharmacodynamics . _ _
Single doses of ramipril of 2.5-20 mg produce approximately 60-80% inhibition of ACE activity 4
hours after dosing with approximately 40-60% inhibition after 24 hours. Multiple oraf doses of
ramipril of 2.0 mg or more cause plasma ACE activity to fall 'by more than 90% 4 hours after dos-
ing, with over 80% inhibition of ACE activity remaining 24 hours after dosing. The more prolonged
effect of even small muitiple doses presumably reflects saturation of ACE binding sites by ramipri-
lat and relatively slow release from those sites.
Pharmacodynamics and Clinical Effects

Prevention of Myocardial Infarction, Stroke or Death from Cardiovascular Causes

.Thg Heart Qutcomes Prevention Evaluation study (HOPE study} was a large, mulﬁ:ggn;gr, fandom- Page 4




control continued to be observed throughout the study.
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Figure 1: Kaplan-Meier Estimates of the composite outcome of MI, Stroke, or Death from CV causes in the Ramipril
Group and the Placebo Group. The relative risk of the composite outcomes in the Ramipril Group as compared with

the Placebo Group was 0.78% {95% confidencs interval, 0.70-0.86).
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Hypertension 4355 195 —
No hypertension : 4942 16,3 __l..___
No history of coronary artery disease 1820 142  —
No prior myocardial infarction 4405 4.2 —_—
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nificantly lower rate of occurence of the combined primary endpoint of mycardial infarction, stroke
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Administration of ALTACE to patients with mild to moderate hypertension results in a reduction of
both supine and standing biood pressure to about the same extent with no compensatory tachy-
cardia. Symptomatic postural hypotension is infrequent, although it can occur in patients who are
salt- and/or volume- -depleted. (See WARNINGS. ) Use of ALTACE in combination with thiazide
diuretics gives a blood pressure lowering effect greater than that seen with either agent alone.

In single-dose studies, doses of 5-20 myg of ALTACE lowered blood pressure within 1-2 hours, with
peak reductions achieved 3-6 hours after dosing. The antihypertensive effect of a single dose per-
sisted for 24 hours. In longer term (4-12 weeks) controlled studies, once-daily doses of 2.5-10 mg
were similar iﬁ their effect, lowering supine or standing systolic and diastolic blood pressures 24
hours after dosing by about 6/4 mm Hg more than placebo. In comparisons of peak vs. frough
effect, the trough effect represented about 50-60% of the peak response. In a titration study com-
paring divided (bid) vs. qd treatment, the divided fegimen was superior, indicating that for some
patients the antihypertensive effect with once-daily dosing is not adequately maintained, (See
DOSAGE AND ADMINISTRATION,)

In most trials, the antihypertensive effect of ALTACE increased during the first several weeks of

. fepeated measurements. The antihypertensive effect of ALTACE has been shown to continue during

long-term therapy for at least 2 years. Abrupt withdrawal of ALTACE has not resuited in 2 rapid
increase in blood pressure.

ALTACE has been compared with other ACE inhibitors, beta-blockers, and thiazide diuretics. it was
approximately as effective as other ACE inhibitors and as atenolol. In both caucasians and blacks,
hydrochlorothiazide (25 or 50 mg) was significantly more effactive than ramipril,

Except for thiazides, no formal interaction studies of ramipril with other antlhypertenswe agents
have been carried out, Limited experience in controlied and uncontrolled trials combining ramiprit
with a calcium channel blocker, a loop diuretic, or triple therapy (beta-blocker, vasodilator, and a
diuretic) indicate no unusual drug-drug interactions. Other ACE inhibitors have had fess than addi-
tive effects with beta adrenergic blockers, presumably because both drugs iower blood pressure
by inhibiting parts of the renin-angiotensin system.

ALTACE was less effective in blacks than in caucasians. The effectiveness of ALTACE was not influ- Page 12
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in a baseline controlled study of 10 patients with mild essential hypertension, blood pressure
reduction was accompanied by a 15% increase in renal blaod flow. In healthy volunteers, glomeru-
far filtration rate was unchanged. -

Heart Failure past myocardial infarction

ALTACE was studied in the Acute Infarction Ramipril Efficavy (AIRE) trial, This was a multinational
(mainly European) 161-¢enter, 2006-patient, double-biind, randomized, parallel-group study com-
paring ALTACE to placebo in stable patients, 2-9 days after an acute myocardial infarction (Mi}, who
had shown clinical signs of congestive heart failure {CHF) at any time after the MI. Patlents in
severe (NYHA class IV) heart failure, patients with unstable angina, patients with heart faiture of
congenital or valvular etiology, and patients with contraindications to ACE: inhibitors were all exciud-
ed. The majority of patients had received thrombolytic therapy at the time of the index infarction, -
and the average time between infarction and initiation of treatment was 5 days.

Patients randomized to ramipril treatment were given an initial dose of 2.5 mg twice daily. If the inj-
tial regimen caused undue hypatension, the dose was reduced to 1.25 mg, but in either event doses
were titrated upward (as tolerated) to a target regimen (achieved in 77% of patients randomized to
ramipril) of 5 mq twice daily. Patients were then followed for an average of 15 months {range 6-46).
The use of ALTACE was associated with a 27% reduction {p=0.002), in the risk of death from any

cause; about 90% of the deaths that occurred were cardiovascular, mainly sudden death. The risks
of progression to severe heart failure and of CHF-refated hospitalization were also reduced, by 23%
(p=0.017) and 26% (p=0.011), respectively. The benefits of ALTACE therapy were seen in both
genders, and they were not affected by the exact timing of the initiation of therapy, but older

~ patients may have had a greater benefit than those under 65. The benefits were seen in patients
o, and not on, various concomitant medications; at the time of randomization these included
aspirin (about 80% of patients), diuretics (about 60%), organic nitrates (about 55%), beta-block-
ers (about 20%), calcium channel blockers (about 15%), and digoxin (about 12%).

- INDICATIONS AND USAGE
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¢cholesterol fevels, low HDL levels, cigarette smoking, or documented microalbuminyria), ALTACE

1510

Hypertension

ALTACE is indicated for the treatment of hypertension. it may be used alone or in combination with
thiazide diuretics.
In using ALTACE. consideration should be given to the fact that another angiotensin converting
enzyme inhibitor, captopril, has caused agranulocytosis, particularly in patients with renalr impair-
ment or collagen-vascular disease. Available data are insufficient to show that ALTACE does not
have a similar risk. (See WARNINGS.) '
In considering use of ALTACE, it should be noted that in controfied trials ACE inhibitors have an
effect on blood pressure that is less in black patients than in non-blacks. In addition, ACE
inhibitors (for which adequate data are available) cause a higher rate of angioedema in black than
in non-black patients. (See WARNINGS, Angioedema.)
Heart Failure post-myacardial infarction

“ Ramipril is indicated in stable patients who have demonstrated clinical signs of congestive heart
failure within the first few days after sustaining acute myocardial infa'rction. Administration of
ramipril to such patients has been shown to decrease the risk of death {principally cardiovascular
death) and to decrease the risks of failure-related hospitalization and progression to severe/resist-
ant heart failure. (See CLINICAL PHARMACOLOGY, Heart Failure post-myocardial infarction for
details and limitations of the survival triat.)
CONTRAINDICATIONS
ALTAGE s contraindicated in patients who are hypersensitive to this product and in patients with a
history of angioedema related to previous treatment with an angiotensin converting enzyme inhibitor.
WARNINGS

~ Anaphylacloid and Possibly Related Reactions | Page 14
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gicosancids and polypeptides, including endogenous bradykinin, patients receiving ACE inhibitors
(including ALTACE) may be subject to a variety of adverse reactions, some of them serious.
Angioedema -

Patients with a history of angioedema unrelated to ACE inhibitor therapy may be at increased risk
of angioedema while receiving an ACE inhibitor. (See also CONTRAINDICATIONS.)

Angioedema of the face, extremities, lips, tongue, glottis, and larynx has been reported in patients
treated with angiotensin converting enzyme inhibitors. Angicedema associated with laryngeal
edema can be fatal. If [aryngeal stridor or angioedema of the face, tongue, or glottis occurs, treat-
ment with ALTACE should be discontinued and appropriate therapy instituted immediately. Where
there s involvement of the tongue, glottis, or larynx, likely to cause airway obstruction, appro-
priate therapy, e.g., subcutaneous epinephrine solution 1:1,000 (0.3 mi to 0.5 ml) should be
promptly administered. (See ADVERSE REACTIONS.)

In a large U.S. postmarketing study, angioedema (defined as reports of angio, face, larynx, tongue,
or throat edema) was reported in 3/1523 (0.20%) of black patients and in 8/8680 (0.09%) of white
patients. These rates were not different statistically. -

Anaphylactoid reactions during desensitization: Two patients ’undergoing desensitizing treatment
with hymenoptera venom while receiving ACE inhibitors sustained life-threatening anaphylactoid
reactions. In the same patients, these reactions were avoided when ACE inhibitors were tempaorari-
ly withheld, but they reappeared upon inadvertent rechatienge.

Anaphylactaid reactions during membrane exposure: Anaphylactoid reactions have been reporied
in patients dialyzed with high-flux membranes and treated concomitantly with an ACE inhibitor.
Anaphylactoid reactions have also been reported in patients undergoing jow-density lipoprotein
apheresis with dextran sulfate absorption.

Hypotension

ALTACE can cause symptomatic hypotension, after either the initial dose or a later dose when the
dosage has been increased. Like other ACE inhibitors, ramipril has been only rarely associated with
hypotension in uncomplicated hypertensive patients. Symptomatic hypotension is most likely to

occur in patients who have been volume- and/or salt-depleted as a result of prolonged diuretic

-



{ be corrected before initiating therapy with ALTACE.

In patients with congestive heart failure, with or without associated renal insufficiency, ACE
inhibitor therapy may cause excessive hypotension, which may be associated with oliguria or
azotemia and, rarely, with acute renal failure and death. In such patients, ALTACE therapy should
be started under close medical supervision; they should be followed ciosely for the first 2 weeks of

- treatment and whenever the dose of ramipril or diuretic is increased.
it hypotension accurs, the patient should be placed in supine positibn and, if necessary, treated
with intravenous infusion of physiological safine. ALTACE treatment usually can be continued fol-
lowing restorﬁtion of blood pressure and volume.
Hepatic Failure
Rarely, ACE inhibitors have been associated with a syndrome that starts with cholestatic jaundice and

progresses to fulminant hepatic necrosis‘and (sométimes) death. The mechanism of this syndrome is
not understood. Patients receiving ACE inhibitors who develop jaundice or marked slevations of

f hepatic enzymes should discontinue the ACE inhibitor and receive appropriate medical follow-up.
Neutrapenia/Agranulocylosis
Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause agranulocy-
tosis an¢ bone' marrow depression, rarely in uncomplicated patients, but more frequently in
patients with renal impairment, especiatly if they also have a collagen-vascular disease such as
systemic lupus erythematosus or scieroderma. Available data from clinical trials of ramipril are
insufficient to show that ramipril does not cause agranulocytosis at similar rates. Monitoring of
white blood cell counts should be considered in patients with collagen-vascular disease, especially
if the disease is associated with impaired renal function. |
Fetal/neonatal morbidity and mortality
ACE inhibitors can cause fetal and neonatal morbidity and death when administered to pregnant
women. Several dozen cases have been repuried in the world literature. When pregnancy is detect-
ed, ACE inhibitors should be discontinued as soon as possibie.

(" The use of ACE inhibitors during the second and third trimesters of pregnancy has been associated

with fetal and neonata! injury, including hypotension, neonatal skull hypoplasia, anuria, reversible or Page 16
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from decreased fetal renal function; oligohydramnios in this setting has been associated with fetal
limb contractures, craniofacial deformation, and hypoplastic lung development. Prematurity,
intrauterine growth retardation, and patent ductus arteriosus have also hgen reported;-aithough it is
not clear whether these occurrences were due to the ACE inhibitor exposure.

These adverse effects do not appear to have resutted from intrauterine AGE inhibitor expasure that
has been limited to the first trimester. Mothers whose embryos and fetuses are exposed to ACE
inhibitors only during the first trimester should be so informed. Nonemﬂess. when patients become

_ pregnant, physicians should make every effort to discontinue the use of ALTA(;E as soon as possible.

Rarely (probably less often than once in every thousand pregnancies), no aiternative to ACE
inhibitors will be found. in these rare cases, the mothers should be apprised of the potential haz-
ards to their fetuses, and serial ultrasound examinations should be performed to assess the
intraamniotic environment. 7 |

If ofigohydramnios is observed, ALTACE should be discontinued unless it is considered life-saving
for the mother. Contraction stress testing (CST), a non-stress test {NST), or biophysical profiling
(BPP) may be appropriate, depending upon the week of pregnancy. Patients and physicians should
be aware, however, that oligohydramnios may not appear until after the fetus has sustained irre-
versibie injury. ‘ _

Infants with histories of in utero exposure to ACE inhibitors should be closeiy observed for
hypotension, oliguria, and hyperkalemia. if oliguria occurs, attention shoutd be directed toward_
support of blood pressure and renal perfusion. Exchange transtusion or dialysis may be required
as means of reversing hypotension and/or substituting for diéordered renal function, ALTACE
which crosses the placenta can be removed from the neonatal circulation by mese means, but lim-

ited experience has not shown that such removal is central to the treatment of these infarts.

_No teratogenic effects of ALTACE were seen in studies of pregnant rats. rabbits, and cynomolgus

' monke}-s. Ona body surface area basis, the doses used were up to approximately 400 times (in

rats and monkeys) and 2 times (in rabbits) the recommended humar dose.

* PRECAUTIONS

impaired Renal Funclion: Asa consequence of inhibiting the renin-angiotensin-aldosterone sys-

Page 17
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